Background
Leiomyosarcoma of the inferior vena cava (IVC) is a rare variant of neoplasms that is most frequently encountered as a retroperitoneal soft tissue sarcoma. Vascular leiomyosarcomas comprises 1% to 2% of all soft tissue sarcomas and has poor prognosis as it often presents with intra or extra-luminal growth encroaching the surrounding tissues [1] . These rare neoplasms were initially considered inoperable and the use of chemotherapy targeted for these lesions was not encouraged. A pooled data analysis conducted from 1951 to 2013 recognized less than 400 reported cases of IVC leiomyosarcoma resection [2] .
Current advances in surgical techniques, such as venous reconstruction and prosthetic replacement of the IVC, have enabled aggressive operative management. However, owing to the rarity of IVC leiomyosarcoma, there is no standard or overall effective chemo-radiotherapy regime that has been shown to improve overall survival. Keiffer et al., in their largest case series, suggested radical resection followed by adjuvant chemotherapy as the optimal therapeutic strategy for these tumors without metastasis at the time of initial diagnosis [3] .
In this report, we present our experience in a patient with primary IVC leiomyosarcoma who presented with multiple liver metastases. This case-report discusses the usefulness of an extended surgical approach in delineating tumor burden, as well as discusses the survival benefit of this approach in patients with advanced IVC leiomyosarcoma.
Case Report
A 42-year-old male visited a clinic with complaint of abdominal pain associated with loss of appetite that lasted for some weeks, he denied nausea or vomiting. On examination, an elastic hard mass could be felt in the epigastric region. Laboratory investigations, including hepatic function reserve, did not show any abnormalities. All the relevant tumor markers were negative (CEA: 0.7 ng/mL, CA19-9: 7.5 U/mL, AFP: 2.11 ng/mL). Computed tomography (CT) scans revealed a 9 cm tumor arising from the IVC at the junction of the right and left renal veins that compressed the horizontal portion of the duodenum (Figure 1 ). Multiple liver metastases were detected on segment 7 and 8 ( Figure 2) . The patient was then referred to our center for further evaluation and management. Laparotomy was performed via bilateral subcostal incision with an upper midline extension. The liver was mobilized and after Kocherization, the IVC tumor was explored ( Figure 4 ) and dissected from the surrounding tissue. We opted for liver resection first in order to prevent bile contamination of the IVC graft and prevent the effect of heparinization in liver hemostasis during liver resection. We then performed partial resection of segment 7 followed by partial resection of segment 8-5. Several tiny small nodules were identified in the remnant liver, so at this point, we halted curative surgery and proceeded to tumor volume reduction surgery.
After systemic heparinization with 5000 units, the infrahepatic IVC was clamped at the caudal side above and below both renal veins, and the renal veins were then clamped. Complete resection of the IVC accompanied by division of the right and renal veins was performed. The caval reconstruction was performed via the interposition of a 15 mm ringed-PTFE tube graft after total vascular exclusion for 36 minutes. The right renal vein was reconstructed while the left renal vein was ligated and drained to the left adrenal vein, making the procedure less complex. Renal function remained intact after surgery. Postoperatively, in the intensive care unit (ICU), heparin anticoagulation was started on the first postoperative day (POD). An oral anti-platelet agent was started from the 3rd POD and heparin infusion was stopped on 10th POD.
The resected tumor-specimen weighed 330 g with expanded growth, hemorrhagic and black necrotic areas ( Figure 5 ). Histopathological findings were consistent with leiomyosarcoma ( Figure 6 ).
The postoperative period was characterized by no major surgical complications. The patient was discharged on the 29 th POD. Doxorubicin and ifosfamide (AI) regimen was started as a first-line chemotherapy. The CT scan taken after 2 cycles of AI regimen revealed progressive disease of the metastatic lesion, and the regimen was switched to eribulin mesylate; the 4 th cycle of eribulin was completed at the time this report was written. The last CT scan taken after introduction of eribulin showed stable disease, and we continued the same chemoregimen. The patient's general condition was satisfactory at the 10th postoperative month. 
Discussion
Leiomyosarcomas of the IVC are rare, slow-growing malignant tumors with a dismal prognosis. The 5-year survival rate is reported to range between 31% to 68% following complete macroscopic resection [2] [3] [4] [5] [6] [7] . In cases with macroscopic positive margins (R2) resection, the survival is poor with ~0% in 5 years [8] .
Liver metastasis accounted for ~21.5% of metastases, thus, representing a common site of metastases [3, 5] . Although there have been some reported cases of concomitant hepatectomy and IVC resection and reconstruction [3, 8, 9 ], we could not find previously reported cases of simultaneous surgery for multiple liver metastases from IVC leiomyosarcoma. This would thus be the first reported case describing a simultaneous, aggressive and extended surgical approach in a patient with IVC leiomyosarcoma with multiple liver metastases. The aggressive surgical management used reduced the metastatic tumor load and was directed toward improving survival rather than having a curative intent. 
A B
Although survival rates appear to improve in patients treated with extended resection [1, 5, 10] , no robust evidence has suggested that maximal resection of an advanced tumor offers the best chance for prolonged survival; the role of multi-visceral resection has not yet been established. Immune checkpoint inhibition has shown some promising results in patients with metastatic soft tissue sarcomas in some specific histologic subtypes [11] . The frequent metastases that develop despite local tumor control indicate that micro-metastases can often present at the time of primary tumor resection. Wisdom et al. suggested that the combination of immunotherapy and radiotherapy would likely elicit a systemic immune response and improve long-term survival in patients with soft tissue sarcomas by eradicating micro-metastases [11] . Despite results from some preclinical evidence, much remains to be explored regarding the potential of immunotherapies in treatment of soft tissue sarcomas. Similarly, clear evidence is still lacking on the role of radiotherapy or combining radiotherapy with immunotherapy. With no robust consensus on immunotherapy, and with immunotherapy not being covered by Japanese health insurance, it was not included in our consideration of treatment options for our patient. Although systemic chemotherapy, radiotherapy (neoadjuvant or adjuvant), or chemo-radiotherapy are considered, the role of these treatments is yet to be defined.
Previous publications have discussed the safety and advantages of radical and liberal excision for IVC leiomyosarcomas [3, 5, 8, 12] . The surgical strategies can be tailored based on the extension of the tumor along the IVC. Despite advance surgical techniques that allow extensive hepatic resection and concomitant IVC replacement, the morbid complexity associated with this kind of aggressive procedures warrants some attention.
In patients with an advanced stage of metastasis, overall survival is still unsatisfactory, thus this approach -using aggressive, liberal, and extended resection -should be given highconsideration as surgical resection still confers better prognosis for this condition, and these adopted techniques are now relatively safe. There is no previous evidence that has suggested an association between the extent of resection and survival in patients with advanced IVC leiomyosarcoma, which poses a challenge to identify the best surgical approach for these patients. Our patient was doing well on follow-up at 10 months of surgery; however, whether this approach to metastatic tumor volume reduction and radical resection of the primary tumor conferred a long-term survival benefit is not yet known.
Conclusions
Cytoreductive surgery, which is indicated in patients with various cancers, can also be a strategy for management of selected cases of retroperitoneal soft tissue sarcomas. Liberal and innovative surgical techniques such as concomitant liver and IVC resection and vessels reconstruction can be taken into consideration in patients with multiple liver metastases from IVC leiomyosarcomas.
